INTRODUCTION
The field of nanotechnology is growing day by day and opens advanced research in many fields of science. Nanoparticles have found novel applications in different branches of sciences including biotechnology and agriculture. In agriculture, usually chemical fertilizers are used for better growth and development but major amount of used fertilizers becomes inaccessible to crops because of many aspects, like hydrolysis, degradation and leaching. Also their high cost cannot ensure economically viable and profitable agricultural products (Bobade et al. 1992) . Hence, it is essential to diminish nutrient losses after fertilization, and to rise crop yields by the utilization of new technologies, such as applications of nanotechnology and nanomaterials. These materials have properties that can be exploited to protect plants, improve crop growth and yield, detect their diseases, enhance world food production, and improve food quality (Gruère et al. 2011 , Prasad et al. 2014 . The unique physiochemical properties of nanoparticles make them potential candidates to boost the plant metabolism (Giraldo et al. 2014) .
Pisum sativum L. (field pea), of the family Fabaceae and native to Southwest Asia, was among the first crops cultivated by man. It is a winter-season annual crop. Most pea cultivars produce self-pollinated reddish purple or white flowers. The number of seeds ranges from 5 to 9 per pod (Zohary and Hopf 2000) . Peas are a good source of nutrition, as the seed is rich in protein (27.8%), vitamins, carbohydrates (42.65%), minerals, dietary fibers, and antioxidant compounds (Urbano et al. 2003) . In Pakistan, pea is a crop grown on plains in winter and on highlands in summer. It is an important vegetable, cultivated in Pakistan on an area of 10,478 hectares, with a total production of 71,792 tons and an average yield of 6.9 tons per hectare. Punjab as a leading province in pea production accounts for about 71% of the total output. Pea production in Pakistan is very low, compared to that of most of the other countries. Therefore, there is a great need to introduce environmentally safe methods for improving crops to meet the food demand of the nation. In this research, silver nanoparticles were used instead of chemical fertilizers to increase seed protein and carbohydrate contents in peas.
MATERIAL AND METHODS
Silver nanoparticles were synthesized via a biological route using root bark of the evergreen shrub Berberis lycium. Aqueous root bark extract was treated with 1 mM AgNO 3 at room temperature. The synthesized silver nanoparticles (AgNPs) were characterized by UV-visible spectroscopy and scanning electron microscopy.
The impact of biosynthesized AgNPs on protein and carbohydrate contents in seeds of three pea varieties (Climax, Meteor and PF-400) was examined in split-split randomized complete block design. The experiment was performed during two growing seasons (2013-14 and 2014-15) in field area of Muzaffarabad. The seeds of each variety were obtained from Department of Agriculture, State of Azad Jammu and Kashmir. The main plots were allotted to pea varieties, sub plots to means of applications such as seed treatment, foliar spray and seed treatment plus foliar spray and sub-sub plots to concentrations of AgNPs such as 0, 30, 60 and 90 ppm. Each sub-subplot measured 3 x 1.8 m 2 (5.4 m 2 ), the distance was maintained as 90 cm row-to-row distance and 15 cm plant-to-plant (Hussain and Badshah 2002) . Each sub-subplot consisted of two rows and each row had 20 plants. All agronomic practices were carried out as and when needed. A manual pump was used for spraying in all cases (Gutierrez-Coronado et al. 1998) . Seeds obtained from the crops were analyzed for protein and carbohydrate contents.
Protein assay
Fresh seeds obtained from the crops were frozen and homogenized in ice cooled mortar and pestle with quartz sand at 4 °C. Total proteins were extracted with 100 mM tris-HCL buffer (pH 8.0) containing 150 mM NaCl and 1 µ mL -1 a-mercapto-ethanol. Proteins were extracted in the dark for 15 min, centrifuged at 15,000 g at 4 °C for 20 min (Schlereth et al. 2000) . The supernatant was stored for subsequent analysis. The protein content was determined by a protein-dyebinding assay (Bradford 1976) . The color of Coomassie brilliant blue G250 in dilute acid solution changes proportionally as the dye binds to protein. Bradford reagent will be prepared by dissolving 50 mg Coomassie Blue dye in a mixture of 50 mL of 85% a-phosphoric acid and 25 ml of 95% methanol to a final volume of 500 mL with distilled water. Bovine Serum Albumin (1 mg mL -1 ) was used as standard. Absorbance was measured at 595 nm using a spectrophotometer.
Carbohydrate assay
The carbohydrate contents of pea seeds were determined by the phenol-sulphuric acid method defined by Krishnaveni et al. (1984) . The seeds (100 mg) were boiled in 5 ml 2.5N HCl in water bath for 3 h, cooled and then neutralized using solid sodium carbonate. The final volume was completed to 100 mL and centrifuged. After centrifugation, 0.1 mL of the supernatant was pipetted out into a test tube. The test tube volume was completed to 1 ml with distilled water. Then 1 ml phenol and 96% H 2 SO 4 were added. After 10 min, the test tube was placed in water at 20 °C for 20 min. After cooling the solution, absorbance was measured at 490 nm wavelength, with sugar as standard.
The data obtained was subjected to analysis of variance and means were separated by Duncan's multiple range test using the MSTAT-C program (Steel et al. 1996) .
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RESULTS AND DISCUSSION
Synthesis of silver nanoparticles
For the synthesis of AgNPs, 20 ml root bark extract was added to 100 ml of 1 mM AgNO 3 solution. The first visual sign for the formation of silver nanoparticles was the color change of the reaction mixture, to a yellowish dark color (Figure 1 ). The yellowish brown color suggests the synthesis of silver nanoparticles (Shankar et al. 2004 ) and was further examined by UV-visible spectroscopy, after zero and 6 h of reaction (Figure 2) . A definite absorption peak was noted after 6 h of reaction, indicating the increasing concentration of silver nanoparticles in the solution. The absorption band was centered at λ max 422 nm. It is already known that silver nanoparticles in the aqueous solution are defined by an absorption spectrum in the range of 400 to 450 nm (Zargar et al. 2011) . It was also suggested that frequency and width of the surface plasmon resonance (SPR) absorption are correlated with the morphology and size of the nanoparticles (Teponno et al. 2006 ). The morphological characterization was achieved through scanning electron microscopy ( Figure 3 ). The resulting nanoparticles were spheroid, with an average size of 54 nm.
Effect of silver nanoparticles on seed protein and carbohydrate
A statistically significant enhancing effect of silver nanoparticles was found on protein and carbohydrate contents of P. sativum seeds during the growing seasons of 2013-14 and 2014-15 (Table 1 The protein concentration in peas generally ranges from 15.5 to 39 %, depending on the varieties (Bressani and Elias 1988) . Jabeen et al. (1988) studied different pea cultivars in Pakistan and recorded 20 to 22% of protein, since environmental factors affected the cellular protein pattern both qualitatively and quantitatively. Another study reported that increasing or decreasing enzymatic activity was directly related to corresponding proteins (Muntz 1996) . The increasing demand for protein-rich products for human nutrition has attracted attention to this legume (Baniel et al. 1998) . Results in this study revealed that the pea variety PF-400 treated with 60 ppm AgNPs obtained maximum protein contents. The application of silver nanoparticles was found to stimulate seed protein contents. Earlier studies also proved an increase in protein contents in response to silver nanoparticle application. The effect of AgNPs on protein content in Phaseolus vulgaris and Zea mays has been studied (Salama 2012 ) and significant results were found. The results of Liu et al. (2010) also showed increases in protein contents with the application of ferric oxide nanoparticles.
Carbohydrates are a very important component of our diets. Pea seeds store about 43% of carbohydrates. The demand for pea varieties with a high percentage of carbohydrates is increasing day by day. In this study, a significant increase in carbohydrate of P. sativum seeds was found in response to the application of silver nanoparticles (Table 2) . During the growing season 2013-14, the highest seed carbohydrate content was recorded for PF-400, while Climax and Meteor During this study, highest carbohydrate seed contents were recorded in response to applications of 60 ppm silver nanoparticles, significantly different from those of 90 ppm and 30 ppm. Among the varieties, PF-400 accumulated highest carbohydrate contents after seed treatment plus foliar spray. Similar results were found in earlier studies. The study of Salama (2012) showed that an application of 60 ppm silver nanoparticles increased the carbohydrate content by 57 and 62% over the control in Phaseolus vulgaris and Zea mays plants, respectively. At 80 and 100 ppm however, significant decreases in carbohydrate content were recorded. The study of Liu et al. (2010) similarly reported that ferric oxide nanoparticles enhanced the carbohydrate amount in plants. However, contrary results were recorded for a treatment with zinc nanoparticles (Gokak and Taranath 2015) . The carbohydrate contents were decreased in Abelmoschus esculentus with the application of zinc nanoparticles from 100 ppm to 500 ppm. This shows that the toxicity of nanoparticles depends on the type of nanoparticles as well as plant species.
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Studies with TiO 2 nanoparticles in Spinacia oleracea detected positive interactions with photosystems, especially an enhanced Rubisco activity (Zheng et al. 2005 , Gao et al. 2006 , while a Rubisco-limiting effect was detected with increasing concentrations of ferro fluid aqueous solution. This solution affected the growth of Zea mays at different photosynthetic stages by employing magnetic effect on the structures of enzymes (Racuciu and Creanga 2007) .
CONCLUSION
This research describes the impact of AgNPs, synthesized using Berberis lycium root bark extract, on Pisum sativum seed metabolites. The biochemical seed analysis clearly showed that plants treated with AgNPs had greater seed protein and carbohydrate contents, resulting in better growth and yield. Furthermore, the phyto-based synthesis of nanoparticles was found to be rapid, inexpensive and enviro-friendly. The conclusion was drawn that the application of silver nanoparticles may be advantageous to plants, by guarding them against attacks of pathogens and as controlling diseases, although future research on the subject is required.
